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(57) ABSTRACT

A circuit configuration for switching current flow through an
ignition coil, i which the switching process 1s able to be
executed by at least one first transistor that 1s controllable by
a control signal which 1s able to be supplied via a control
signal input of the circuit configuration, and the control signal
input 1s connected to at least one variable resistor.
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CIRCUIT CONFIGURATION FOR
SWITCHING CURRENT FLOW THROUGH
AN IGNITION COIL

FIELD OF THE INVENTION

The present mnvention relates to a circuit configuration for
switching current tlow through an 1gnition coil, 1n which the
switching process 1s able to be executed by at least one tran-
sistor that 1s controllable by a control signal which 1s able to
be supplied via a control signal input of the circuit configu-
ration.

BACKGROUND INFORMATION

It 1s understood from the related art that, for the initiation of
the combustion process of an internal combustion engine
having externally supplied 1ignition, one may conduct an elec-
tric current through a primary coil having a low number of
turns wound onto an 1ron core. The center conductor of a
spark plug 1s connected to a second coil that 1s situated on the
same 1ron core and has a larger number of turns. At the time of
the intended 1gnition, the current flow through the primary
coil 1s interrupted. This leads to the induction of a high volt-
age 1n the second coil, which discharges 1n a spark 1n the air
gap ol the spark plug.

In order to be able to control the time of the interruption of
the current flow, and with that the 1gmition time, using an
engine control device, 1t 1s provided 1n the related art that one
should 1nterrupt the current flow using at least one switching
transistor. The switching transistor 1s switched by a control
signal, in this instance, which 1s generated in the engine
control unit 1n a control circuit. In this instance, the 1gnition
time for each individual 1ignition 1s determined, for example,
using a characteristics map stored 1n the engine control unit,
as a function of the respective operating state of the internal
combustion engine.

Frequently 1t 1s provided that the engine control, with the
control circuit, 1s situated 1n the vehicle at a spatially different
place from the 1gmition coil and the transistor assigned for
switching the current flow. In this case, a cable connection 1s
provided between the two components. Such a cable connec-
tion may have an error during the operation of the vehicle. The
cable connection may be interrupted, for example. Besides
that, the insulation of the cable connection may be damaged,
which mostly leads to a short circuit. Both errors are easy to
detect in the control circuit. In the case of an interruption 1n
the cable connection, the electric current transmitted via the
cable connection drops below a specifiable boundary value.
In the case of a short circuit, the current on the connecting line
rises above a specifiable boundary value. If the current flow-
ing over the line 1s greater than the first boundary value, but
lower than the second boundary value, there exists a normal
operation of the line connection and the switching transistor.
The two boundary values are therefore adjusted to the
required control current of the switching transistor.

Starting from this related art, the problem arises that when
a switching transistor 1s exchanged for an equally function-
ing, but not i1dentical type, a different control current is
required. If this control current 1s greater or less than the
boundary values stored in the engine control unit, an error
message 1s generated 1n the engine control unit, and the opera-
tion of the internal combustion engine becomes impossible.

Consequently, the present invention 1s based on the object
of stating a circuit configuration for switching current flow
through a coil, which 1s able to replace a multitude of func-
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tionally equal, but not 1dentical circuit configurations, with-
out having an error message generated in the engine control
unit.

The object 1s attained, according to the present invention,
by a circuit configuration for switching current flow through
an 1gnition coil, in which the switching process 1s able to be
executed by at least one first transistor that 1s controllable by
a control signal which 1s able to be supplied via a control
signal input of the circuit configuration, and the control signal
input 1s connected to at least one variable resistor.

It 1s proposed, according to the present invention, to posi-
tion a component having a variable electrical resistance at the
control signal mput of the circuit configuration, which 1s
provided to accept a control signal that 1s generated 1n the
engine control unit. Using this resistance element, the input
current of the circuit configuration 1s able to be adjusted. In
this way 1t 1s possible to set the input current to a specifiable
setpoint value, so that the current supplied by the control
circuit 1s able to be adjusted within limits within which the
error monitoring ol the control circuit does not report any
error operation.

The variable resistance element may be situated both 1n
series with the switching transistor, so that a specifiable volt-
age value drops oif at the resistance element, and 1n parallel,
so that a power loss 1s shunted to ground via the resistance
clement. In the one case, the mnput resistance of the circuit
configuration is able to be increased by the variable resistance
clement beyond the mput resistance of the switching transis-
tor, and 1n the other case, the resistance 1s able to be reduced.

The switching transistor provided for switching the current
flow through the igmition coil may, for 1nstance, be a field-
clfect transistor or an IGBT. The use of a bipolar transistor 1s
especially preterred. Furthermore, the circuit configuration
may have additional components 1n order, for example, to
detect an overvoltage at the 1ignition coil, an overcurrent or an
over temperature of the at least one switching transistor, and
in order to implement protective circuits which avoid the
failure of these components.

In one refinement of the present mnvention, a measuring,
resistor 1s also provided 1n order to monitor the current flow
through the variable resistance element. Using a regulating
device that 1s occasionally provided, the measured actual
value 1s able to be adjusted to a specifiable setpoint value by
adjusting the variable resistance element 1n such a way that
the circuit configuration takes up a specifiable input current.
In this way, the mnput current 1s able to be held constant, even
in response to a changing supply voltage. Changing supply
voltages occur in motor vehicles particularly during the start-
ing process, when the battery 1s stressed by the electrical
starter, but the generator does not yet supply any charging
voltage.

The variable resistance element may be switched either
stepwise, or may be provided for the continuous changing of
its resistance value. A continuous change 1s implementable
particularly by using at least one transistor as resistance ele-
ment. In this context, what may be involved 1s eitther the
collector-emitter path of a bipolar transistor or the channel
region of a field-eflect transistor. The resistance of a collec-
tor-emitter path 1s able to be continuously influenced via the
basic current applied. The resistance of a channel region 1s
able to be intluenced via the gate voltage applied. In order to
implement a stepped switchover of the mput resistance, at
least one resistance element i1s able to be connected to the
control signal input of the circuit configuration using a
switch. A field-effect transistor or a bipolar transistor or a DIP
switch 1s particularly suitable as an electric switch.
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Preferably, but not necessarily, the circuit configuration
proposed by the present invention 1s located in the same
housing as the 1gnition coil and the 1gnition transformer. A
compact component then comes about, which 1s able to be
protected well from spray water and environmental intlu-
ences, and which requires only one error-prone cable connec-
tion to the engine control unit for transmitting the control
signal. The reliability may be increased further 11 the circuit
configuration, proposed according to the present invention, 1s
integrated monolithically on a single semiconductor sub-
strate.

The present mvention will be explained 1n greater detail
below, 1 light of exemplary embodiments, which are par-
tially shown 1n the attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a circuit configuration for switching current
flow through an 1gnition coil, according to the related art.

FIG. 2 shows a block diagram of a circuit configuration
according to the present invention.

FIG. 3 shows an exemplary embodiment of a circuit con-
figuration according to the present mnvention.

DETAILED DESCRIPTION

FIG. 1 shows a circuit configuration 1 for switching current
flow through the primary winding of an ignition coil 4,
according to the related art. A control signal 1s supplied to
circuit configuration 1 via line 14, using a control circuit 12.

The primary winding of ignition coil 4 has a terminal
contact 7, which 1s connected to a voltage supply, for instance,
a vehicle battery. The current flows over terminal contact 7
through 1gnition coil 4 to the collector mput of a switching,
transistor 2. If switching transistor 2 1s conducting, the cur-
rent flows on to the emitter output of switching transistor 2,
and from there to a ground connection. Ignition coil 4 1s
located on an 1ron core, which also carries the second coil 5.
Thenumber of turns of second coil 5 1s greater than that of coil
4.

In order to trigger an 1gnition spark at spark plug 6, control
circuit 12 generates a control signal which 1s supplied to
circuit configuration 1 via control signal input 14. Inside
circuit configuration 1 there 1s a logic circuit 3. This influ-
ences the basic current of switching transistor 2 as a function
of the control signal, so that the collector-emitter path of
transistor 2 becomes highly resistive at the 1gnition point.
Because of that, the current flow from terminal 7 via coil 4
orinds to a halt. This sudden collapse of the current flow
induces a voltage peak in coil 5. This voltage peak discharges
over the air gap of spark plug 6. The spark created thereby
1gnites the mixture in the combustion chamber of the internal
combustion engine.

As switching transistor 2 one may use, for example, an
IGBT, a bipolar transistor or a field-effect transistor. In the
example shown, transistor 2 1s an IGB'T. From case to case, a
plurality of transistors may also collaborate 1n executing the
switching function of transistor 2.

In the exemplary embodiment according to FIG. 1, transis-
tor 2 acts as a series connection. From case to case, one skilled
in the art may also provide using a transistor in parallel to coil

4, 1n order thereby to draw supply voltage 7 to a ground
terminal. This leads to the breakdown of the current flow
through coil 4.

Furthermore, logic circuit 3 1s able to measure the tempera-
ture of transistor 2, the current flow through transistor 2 or the
voltage created at coil 4 via additional connecting lines, and
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compare them to specifiable setpoint values. Logic circuit 3
may be prepared to carry out measures for component pro-
tection when these setpoint values are exceeded, 1n this con-
text.

Between control circuit 12 and control signal input 14 there
1s a connecting line. The state of this connecting line 1s moni-
tored 1n control circuit 12, so as to detect any interruption or
short circuit 1in the line.

Control circuit 12 may, for example, be a component of an
engine control unit. Control circuit 12, 1n turn, has a terminal
7 for connecting to a supply voltage. Moreover, control circuit
12 has a logic circuit 13 which conducts a current pulse to
control signal input 14 at the 1gnition point and monitors the
strength of the current flowing 1n the connecting line.

A measuring resistor 11 1s available for monitoring the
strength of the current. Measuring resistor 11, that lies seri-
ally 1n the connecting line, directly measures the current
flowing 1n the connecting line to control signal input 14, and
may therefore be drawn upon directly to determine 11 there 1s
any damage to the connecting line. In response to a short
circuit 1n the connecting line, the current flowing through
resistor 11 will increase greatly. In response to an interruption
in the connecting line, no measurable current will flow
through resistor 11.

The threshold values stored in logic circuit 13, for the
voltage drop over measuring resistor 11 are given by the input
resistance of control signal input 14 and supply voltage 7. The
threshold values are established, 1n this context, in such a way
that even when there 1s fluctuation 1n the supply voltage and
the input resistance within the admissible range, all the occur-
ring measured values of the current lie within the established
boundary values.

If an exchange of circuit configuration 1 becomes neces-
sary during the service life of the control unit having control
circuit 12, logic circuit 13 in control circuit 12 1s able to detect
an error even 1n a tlawless operation of circuit configuration 1,
if the input resistance, and with that, the current consumption
of control signal mnput 14 from the newly added circuit con-
figuration 1, differs from the mnput resistance of circuit con-
figuration 1 that had been used up to the present. This may
particularly occur if the type of switching transistor 2 used
changes. Thus, field-effect transistors or IGBT’s have a
higher input resistance, and therefore a lower basic current
than bipolar transistors. Furthermore, the input resistance of
the circuits used for controlling the switching transistors may
also be different.

FIG. 2 shows a circuit configuration 1 according to the
present invention. The current flow through primary coil 4 of
an 1gnition transformer 1s mterrupted using a transistor 8, 1n
this instance. In the exemplary embodiment as 1n FIG. 2, this
switching function 1s executed by a bipolar transistor 8. From
case to case, one skilled 1n the art might also provide field-
elfect transistors or IGBT s for this. A plurality of transistors
may also be used to execute the switching function. Second
coil 5 and spark plug 6 are not shown 1n FIG. 2, for the sake
of clarity.

In order to influence the electrical resistance of the collec-
tor-emitter path of transistor 8, a basic current 1s applied to 1t.
The basic current 1s supplied to the circuit configuration via
control signal input 14. Control circuit 12 required for this 1s
also not shown 1n FI1G. 2, for the sake of clarity.

The current supply to the base of transistor 8 takes place via
resistors 16 and 17. Resistor 16 1s a measuring resistor, 1n this
context. The basic current flowing through measuring resistor
16 generates a voltage drop at measuring resistor 16 which 1s
directly proportional to the tflowing basic current. This volt-
age drop 1s supplied to logic circuit 15 as the current’s actual
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value. Moreover, the basic current tlows through variable
resistance element 17. The resistance value of resistance ele-
ment 17 1s mfluenced by logic circuit 15 through a control
signal or regulation signal. If logic circuit 15 includes a regu-
lating device, the basic current 1s able to be regulated to a
specifiable setpoint value. This setpoint value 1s selected so
that 1t lies between the boundary values stored 1n logic circuit
14 of control circuit 12.

The electrical resistance of variable resistance element 17
may be variable 1n a stepwise or a continuous manner, 1n this
instance. In the case of stepwise variability, discrete resis-
tance elements may be coupled 1nto the current path or sepa-
rated from 1t, using assigned circuit configurations. A con-
tinuously variable resistance element may be formed by one
or more transistors, for example.

Furthermore, logic circuit 15 includes additional functions
for monitoring the current flowing in transistor 8 and for
monitoring the voltage present at coil 4. Connection 22 1s
used for monitoring the voltage. For instance, the voltage
measured at coil 4 via line 22 may increase to above a bound-
ary value stored in logic circuit 15 if the spark plug 1s defec-
tive or 1f the engine control unit 1s being operated without a
spark plug being inserted. In this case, logic circuit 15 1s able
to make the collector-emitter path of transistor 8 conducting,
again by intluencing the basic current, 1n order to lead off the
voltage peak via transistor 8 to the ground terminal.

In order to monitor the current flowing through coil 4 and
transistor 8, transistor 8, 1n the exemplary embodiment
according to FIG. 2, has an additional emitter output, which 1s
connected to logic circuit 15 via line 23. If the current mea-
sured via line 23 exceeds a boundary value, the basic current
supplied to transistor 8 1s able to be led off to ground via a
parallel transistor 18. Because of this, a lower basic current
reaches transistor 8. The collector-emitter path thereby
becomes highly resistive and the current flowing through coil
4 becomes limited.

FI1G. 3 again shows an exemplary embodiment for a circuit
configuration 1 having a measuring resistor 16 and a variable
resistance element 19, which regulates the input resistance of
a control signal 1input 14 to a specifiable setpoint value.

In the exemplary embodiment according to FIG. 3, a pri-
mary winding 4 1s also provided which 1s 1n connection with
a voltage source via terminal 7. The ground terminal of coil 4
proceeds over the collector-emitter path of a bipolar transistor
8. The current flowing over the collector-emuitter path and thus
through coil 4 1s influenced by a supplied basic current that 1s
supplied by a control signal input 14.

This basic current first flows through measuring resistor
16. Because of that, a voltage drops ofl at measuring resistor
16 which generates a control signal at the output of compara-
tor 20. Comparator 20, 1 this 1nstance, 1s a component of
logic circuit 15, which 1s a component of circuit configuration
1 and 1s used for regulating the current tflowing via input 14.
In this context, the output signal of the comparator 1s propor-
tional to the difference of the mmput voltages, so that the
setpoint value specification 1s able to take place by a voltage
source which just compensates for the voltage drop over
measuring resistor 16 when mput current 14 1s equivalent to
the setpoint value.

The output signal of comparator 20 1s amplified via a
transistor 21. This amplified output signal forms the basic
current for an additional transistor 19. The collector-emitter
path of transistor 19 forms the variable resistance element 17.
In this case, the resistance changes continuously with the
basic current present at transistor 19. In this way, the input
resistance of control signal input 14 of circuit configuration 1
1s regulated 1n such a way that the mput current tlowing over
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control signal input 14 1s limited to a specifiable boundary
value. This boundary value 1s selected so that 1t lies within the
boundary values stored 1n logic circuit 13 of control circuit
12. Consequently, circuit configuration 1 1s able to be oper-
ated on a plurality of control circuits 12, independently of the
basic current required by transistor 8. That being the case, a
bipolar transistor 8, for example, may be used 1n circuit con-
figuration 1, which requires a comparatively high basic cur-
rent, even when circuit configuration 1 1s being used as an
exchange element for a circuit configuration which had origi-
nally included an IGBT 2 as switching element having a
lower basic current.

Of course, 1t 1s made a matter of choice to one skilled 1n the
art to have logic circuit 15 carry out additional functions, such
as voltage monitoring and/or current monitoring of 1gnition
coil 4. However, the circuit components required for this are
not shown 1n FI1G. 3, for reasons of clarnty.

What 1s claimed 1s:

1. A circuit configuration for switching a current flow
through an 1gnition coil, comprising;

at least one first transistor to perform the switching process,

and which 1s controllable by a control signal;

at least one variable resistance element; and

a measuring resistor connected in series with the at least

one variable resistance element and connected 1n paral-
lel with the 1gnition coil, the circuit configuration being,
configured to determine the current flowing through the
at least one variable resistance element by measuring a
voltage across the measuring resistor,

wherein the control signal 1s suppliable via a control signal

input of the circuit configuration, and wherein the con-
trol signal iput 1s connected to the at least one variable
resistance element and the measuring resistor.

2. The circuit configuration of claim 1, wherein the at least
one {irst transistor includes at least one bipolar transistor,
whose collector-emitter path 1s provided for forming a series
connection to the ignition coil.

3. The circuit configuration of claim 1, wherein at least one
variable resistance element 1s formed by a second transistor.

4. The circuit configuration of claim 3, wherein the resis-
tance element 1s formed by the collector-emitter path of at
least one bipolar transistor.

5. The circuit configuration of claim 1, further comprising:

a regulating device that 1s able to act upon the variable

resistance element, so as to regulate the current flowing
via the control signal input to a specifiable setpoint
value.

6. The circuit configuration of claim 1, wherein at least one
clectrical resistor 1s connectable to the control signal mput.

7. The circuit configuration of claim 1, wherein the mea-
suring resistor 1s connected in series with the collector-emit-
ter path of at least one second bipolar transistor, which forms
the variable resistance element, and wherein the variable
resistance element influences a basic current of the at least
one first transistor, which 1s provided to switch the current
flow through the 1gnition coil.

8. The circuit configuration of claim 1, wherein the circuit
configuration 1s monolithically integrated on a single semi-
conductor substrate.

9. The circuit configuration of claim 1, wherein the circuit
conilguration 1s integrated with an 1gnition coil in a housing.

10. A motor vehicle arrangement, comprising:

a motor vehicle; and

a circuit configuration for switching a current flow through

an 1gnition coil, including:
at least one {first transistor to perform the switching pro-
cess, and which 1s controllable by a control signal;
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at least one variable resistance element; and wherein the control signal 1s suppliable via a control
a measuring resistor connected 1n series with the at least signal input of the circuit configuration, and wherein
one variable resistance element and connected in par- the control signal input 1s connected to the at least one
allel with the 1gnition coil, the circuit configuration variable resistance element and the measuring resis-
being configured to determine the current flowing 5 tor.

through the at least one variable resistance element by
measuring a voltage across the measuring resistor, £k % k%
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